1. Introduction {#sec0001}
===============

Bacillus Calmette--Gurein (BCG) is remains the only vaccine used regularly to vaccinate against TB [@bib0001]. Reports on the effectiveness of BCG vaccine are controversial and its ability to protect individuals from TB is varied in different parts of the world [@bib0001], [@bib0002]. In fact BCG does not always protect people from getting TB [@bib0003]. In a meta-analysis by Roy and et al. on 14 studies and 3855 participants, a protective efficacy of 19% against infection among vaccinated children after exposure compared with unvaccinated children was reported [@bib0004]. Some trials reported 60--80% protective efficacy against severe forms of pulmonary tuberculosis (PTb) (military and meningitis) in children. In addition, BCG vaccination protects against extra-pulmonary TB [@bib0005]. No information is available regarding the effectiveness of BCG on clinical symptoms of pulmonary tuberculosis symptoms **(**PTb). The aim of this study was to measure the amount of protection BCG offered in lessening the severity in Ptb patients

2. Materials and methods {#sec0002}
========================

In a 2014 cross sectional study, 358 patients with PTb were randomly selected for analysis from five border provinces of Iran including East and West Azerbaijan, Ardebil, Kermanshah, and Kurdistan. Sputum-positive PTb was defined by WHO in 2007 to be based on the presence of at least one acid fast bacilli (AFB+) in at least one sputum sample in countries with a well-functioning external quality assurance system [@bib0006].

2.1. Transporting and preparing cultures {#sec0003}
----------------------------------------

Samples were cultured and the isolates were transported by TB laboratories in each province to the reference laboratory under standard conditions. After receiving the cultures, screening was performed to confirm the isolates as members of the Mycobacterium tuberculosis (MTB) complex. The complex was identified by culturing on a Löwenstein-Jensen (LJ) medium containing p-nitro benzoic acid where growth indicates the bacilli are not part of the MTB complex. The differentiation of MTB from other members of the MTB complex was identified based on a niacin and nitrate test [@bib0006], [@bib0007].

2.2. Severe clinical symptom criteria and BCG scar {#sec0004}
--------------------------------------------------

Criteria for identifying severe forms of TB are generally based on radiological signs and symptoms of disease [@bib0008], [@bib0009]. In this study, chest X-ray data was not available, so we relied on the 11 TB clinical symptoms: cough, chest pain, dyspnea, sputum, fever, hemoptysis, weight loss, loss of appetite, wheezing, weakness, and fatigue. Positivity for each symptom was recorded as score of 1, whereas negative symptoms were recorded as 0, so that a score ranging from 0--11 was given to each patient. Patients with a score of six or more were placed in the severe clinical symptoms group. History of BCG vaccination was determined by a physician through checking for the presence of the typical BCG scar often left by the vaccine in the deltoid part of the upper arm

2.3. Demographic variables {#sec0005}
--------------------------

Demographic data including age, gender (0: female, 1: male), and smoking status (0: No, 1: Yes) was obtained through a questionnaire. .

2.4. Statistical analyses {#sec0006}
-------------------------

In a pilot study, the validity of the questionnaire was evaluated and its reliability was assessed using a statistical reliability test (Cronbach\'s alpha = 0.92). A multiple linear regression test was performed to assess the effect of BCG vaccination on the prevention of acute TB while controlling for age, sex and smoking. A significance level of 0.05 was considered using SPSS 20 software (SPSS Inc., Chicago, Ill, USA). Vaccine effectiveness (VE) was determined by using the formula, VE = (1-OR) × 100, where OR is the odds of vaccination history among patients with acute TB to odds of vaccination in non-acute TB patients [@bib0010]. Confidence interval was calculated at the 95% level.

2.5. Compliance with ethical standards {#sec0007}
--------------------------------------

There were and continue to be no relationships or interests that can have direct or potential influence or impart bias on this work. The authors declare that they have no competing interests. This work is a section of a PhD thesis that has been approved by the regional ethics committee (code of 5/4/5375 in date of September 8, 2012) in accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards in Tabriz University of Medical Science. The rights of all patients were regarded. All patients had the right to decide what, if any, identifiable data could be gathered, and to choose what to say during a study or interview. The researchers did not know the names of participants and participant identification was blinded.

3. Results {#sec0008}
==========

Based on the prevalence of the smear-positive PTb in five provinces, isolates were proportionally sampled from patients in East Azerbaijan (124 \[34.6%\]), Kermanshah (66 \[18. 4%\]), West Azerbaijan (50 \[14.0%\]), Kurdistan (74 \[20.7%\]), and Ardabil (44 \[12.3%\]).

The age range of patients was six months to 96 years old, the mean age of MTB patients was 53.65 (SD = 23.0), and 164 (45.8%) of the patients were female. Of the 358 active MTB patients, 264 cases (73.7%) had no BCG vaccination scar. A total of 96 patients (26.8%) had no history of active smoking. Clinical symptoms of TB patients were distributed as follows: cough 161 cases (44.97%), chest pain 144 (40.22%), dyspnea 136 (37.99%), sputum 184 (51.4%), fever 136 (37.99%), hemoptysis 76 (21.23%), weight loss 172 (48.04%), loss of appetite 125 (34.92%), wheezing 132 (36.87%), weakness 134 (37.43%), and fatigue 108 patients (30.17%).

We used multiple linear regression models to examine the adjusted associations between acute TB and BCG vaccination scar after controlling for age, gender, and smoking status. Interestingly, the probability of acute TB was significantly less among patients with a BCG vaccination scar compared to patients without vaccination history (*P*-value \< 0.001) ([Table 1](#tbl0001){ref-type="table"}).Table 1examine the associations between acute TB and BCG vaccination scar after controlling of age, gender, smoking habit and TB drug resistance by multiple linear regression.Table 1:VariablesCoefficientsSig.BStd. ErrorAge−0.0110.0120.391Gender (0 = Female, 1 = Male)−1.2870.4340.004Smoking habit(0 = No, 1 = Yes)0.6990.5620.215Any TB drug resistance (0 = No, 1 = Yes)1.2810.7690.098Vaccination scar (0 = No, 1 = Yes)−2.5720.6220.000

We analyzed adjusted BCG VE based on PTb clinical symptoms. The BCG vaccine showed a strong preventive effect against acute TB (VE = 95.5%; 95% CI, 80.7%−98.9%), after controlling for age, gender, and smoking status. In addition, VE was significantly different in groups stratified by age in the 46--60-year-old group (95% CI, 17.8% - 93.8%) and non-smokers (95% CI, 55.6%−92.2%) ([Fig. 1](#fig0001){ref-type="fig"}).Fig. 1Adjusted vaccine effectiveness (\[1 -- Odds Ratio\]\*100%) overall and stratified by, age, gender, smoking status and drug resistance status in Iranian TB patients.Fig. 1:

4. Discussion {#sec0009}
=============

The BCG vaccine has been used in Iran since 1947. The *Pasteur 1173P2* strain was cultured in Iran for the first time in 1974 and 3 years after that, the first lyophilized BCG vaccine was produced [@bib0011]. Between 1980 and 2016, BCG vaccination coverage has increased from 7% to 99% in Iran [@bib0012], but there is no study regarding the effect of BCG vaccination on PTb symptoms.

Our study provided important findings on the effect of BCG vaccination on symptoms of PTb. The results indicated that the BCG vaccine had an overall effectiveness of 95.5% for the prevention of acute TB.

In cases where a vaccine does not fully protect the vaccinated person, vaccination still has a preventive effect on the development of severe types of disease in children [@bib0005]. So it is postulated that vaccination could be effective in relieving the symptoms of PTb in adults. The basis of BCG\'s protection in the prevention of TB is related to the antigenic similarity of the particular vaccine strain with prevalent wild infectious strains in the community. Results from a previous study of our group indicated that BCG vaccination induces higher immunity against certain MTB strains [@bib0013]. But determining how BCG vaccine affects the severity of TB symptoms is challenging.

TB is a chronic disease with multiple clinical symptoms that imposes a noticeable burden on society and disability in patients. The main finding of this study was the reduction of clinical symptoms of TB in patients who had a history of BCG vaccination. These findings could be key implications for its use in current immunization programs as well as in the future development of new and improved TB vaccines.

Although this was not a randomized control trial, our data are important since it is the first study indicating VE on acute TB development. Lack of patients and impossibility of investigating the role of BCG vaccination on radiological signs was a limitation. We suggest performing a retrospective cohort study on a larger population.

5. Conclusion {#sec0010}
=============

The results of the present study indicated that BCG vaccine shows an overall effectiveness of 95.5% in the prevention of acute TB.
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